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Human papillomavirus Type 16 infection of the
cervix: a comparison of differing DNA detection
modes and the use of monoclonal antibodies against
the major capsid protein

C J N Lacey, M Wells, R I J Macdermott, P E Gibson

Abstract
An immuno-peroxidase technique using
monoclonal antibodies against the major cap-
sid protein LI of HPV-16 was compared with
dot-blot hybridisation of cervical scrapes and
in situ hybridisation of cervical biopsy
specimens for HPV-16 DNA. In a series of 20
patients alltechniqueswere specificforHPV-16
infection. Ten patients were positive by dot-
blot hybridisation and half of those were
positive by in situ hybridisation. Only one of
HPV-16 DNA positive cases showed Li protein
expression, apparently shortly after the onset
of clinical infection. Whether major capsid
protein expression reflects episodes of viral
replication deserves further study.

Introduction
Infection with certain specific types of human
papillomaviruses (HPV) has emerged as a necessary,
but not sufficient factor, in the genesis of anogenital
cancer. HPV 16 is the most prevalent genital geno-
type and there is strong supportive evidence for its
causal role in a large proportion of cervical neo-
plasms.' HPV-DNA can be detected by DNA-DNA
hybridisation using a variety of methods including
Southern blotting, dot-blot, filter in situ hybridisa-
tion, tissue in situ hybridisation or the polymerase
chain reaction.2 However, until very recently it has
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not been possible to produce type-specific antibodies
because of the lack of replication of HPV in tissue
culture and the low amounts of viral DNA present in
genital lesions. These difficulties have now been
overcome by the cloning in bacterial vectors of
sequences of individual open reading frames of
differing HPV types and the production of fusion
proteins.' The availability of a series of monoclonal
antibodies against the major capsid protein Li of
HPV type 164 prompted us to compare two differing
HPV-DNA detection modes with immunohisto-
chemistry for the Li protein in the diagnosis ofHPV
16 infection of the cervix.

Methods
Subjects and procedures
Twenty women were selected for further study from
a cohort of women undergoing diagnostic colpo-
scopic examination for the presence of cervical intra-
epithelial neoplasia in a genitourinary medicine/
sexually transmitted disease clinic. Subjects were
routinely screened at initial presentation for genital
tract infection and with cervical cytology. Criteria for
colposcopic examination included cytological dys-
karyosis or clinical suspicion of a cervical lesion on
macroscopic inspection. At the beginning of the
colposcopic examination a cervical scrape was per-
formed with an Ayre's spatula. These exfoliated cells
were screened for the presence ofHPV 6/11, 16, 18
and 31 DNA by dot-blot hybridisation. Colposcopy
was performed in a standard manner and directed
cervical biopsies were taken from areas of maximal
colposcopic abnormality within the transformation
zone and placed in neutral buffered formalin. Further
studies were performed on cervical biopsy specimens
from 20 women, ten known to be HPV-16 DNA
positive by dot-blot hybridisation and ten negative
for HPV 6/11, 16, 18 and 31 DNA by dot-blot
hybridisation. Within these defined groups subjects
were randomly selected on the basis of a generous
cervical punch biopsy specimen.
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Dot-blot hybridisation
Specimens were digested with proteinaseK (200 mg/
ml in 10 mM Tris pH 7-4, 10 mM NaCl, 10 mM
EDTA and 0-5% SDS) for 15 hours at 37°C. DNA
was extracted twice with an equal volume of phenol/
chloroform and once with chloroform/iso-amyl
alcohol. All DNA extracts were precipitated over-
night at - 20°C with one tenth volume of 5 M NaCl
and two volumes of ethanol. Precipitates were
washed with 80% ethanol, repelleted, dried briefly
under vacuum and resuspended in TE buffer (10mM
Tris pH 7 4, 1 mM EDTA). The DNA content of
each was determined using a TKO 100 mini-
fluorometer (Hoefer Scientific Instruments).
The HPV 6, 11, 16 and 18 clones were gifts from

Dr H zur Hausen and Dr L Gissmann -(Deutsches
Krebsforschungzentrum, Heidelberg) and HPV 31 a
gift from Dr A Lorincz (Bethesda Research
Laboratories, Maryland, USA). After transfection
and amplification in Escherichia coli, the clones were
extracted and then purified away from the flanking
vector sequences by agarose gel electrophoresis and
elution.5 Inserts were labelled by nick translation
with ("P)dCTP and the probes were used at approx-
imately 106 cpm/ml (final concentration) in the
hybridisation mixture.
The DNA samples were each divided into two

aliquots, denatured with NaOH (final concentration
0 3 N) for j to 1 hour and spotted onto duplicate
prewetted Hybond-N nylon membranes (Amersham
International, UK) using a manifold (Schleicher and
Schnell, Germany). PurifiedDNAs (10 pg and 100 pg
amounts) of all five HPV types under investigation
and of the plasmid vector were included as controls.
The samples were neutralised on the membranes
with 200 il of 1-5 M NaCl, 0-5 M Tris, pH 7-4.
The duplicate membranes were prehybridised in a

solution containing 6 x SSC, 5 x Denhardt's
solution, 0 5% SDS, and 100 mg/ml salmon sperm
DNA at 65°C for 2-4 hours. Hybridisation was
carried out overnight with HPV 11 and 16 probes
first. Membranes were washed twice with 2 x SSC
for 15 minutes, once with 2 x SSC containing 0-1%
SDS for 30 minutes, and once with 0-1% x SSC for
10 minutes, each wash being done at 65°C. The
membranes were exposed at - 70°C to X-ray film
(AmershamMP Hyperfilm) for 1-7 days. The probes
were stripped from the membranes with 04 M
NaOH at 45°C, the membranes were neutralised with
a buffer containing 0-1 x SSC, 0 1% SDS, and 0.2M
Tris-HCl, pH 7 5, and then reprobed with HPV 18
and 31.
Although these highly stringent dot-blot condi-

tions did not differentiate between HPV types 6 and
11 (which are very closely related) no other cross-
reactions were observed among the five HPV types
used. The conditions detected < 10 pg of control
DNA.

In situ hybridisation
Pre-treatment: Paraffin wax embedded tissue
specimens were sectioned at 3-5 gm and placed on 3-
amine propyl triethoxysilane coated single well
shades and hotplated to ensure maximum tissue
adhesion. Sections were dewaxed in xylene at 37°C
for 30 minutes, xylene at room temperature for 10
minutes, and absolute alcohol twice for 10 minutes.
The sections were hydrated through a series of
graded alcohols to distilled water and immersed in
phosphate buffered saline for five minutes. The slides
were transferred to 0-2 M HC1 for 10 minutes,
incubated in 0-1% Triton X-100 for three minutes to
permeabilise membranes, and digested with pro-
teinaseK for 15 minutes at 37°C to access the cellular
DNA. After washing in several changes ofphosphate
buffered saline the slides were placed in 20% acetic
acid in water at 4°C for 15 seconds to destroy
endogenous tissue alkaline phosphatase and post-
fixed in 4% paraformaldehyde before dehydration
through graded alcohols to 100% ethanol.
Hybridisation: The DNA probe used was HPV 16
linked to the plasmid PBR 322. It was biotinylated
with biotin-II-dUTP using a nick translation kit
(Gibco-BRL, High Wycombe, Buckinghamshire).
The biotinylated probes were prepared at a concen-
tration of 200 ng/ml in a hybridisation buffer
containing 2 x SSC, 5% dextran sulphate, 0-2%
dried milk powder, 50% formamide (1 x SSC =
0-15 M sodium chloride, 0 0 15 M sodium citrate).

Hybridisation mixture (75 jl) (12 ng DNA probe)
was added to each prepared section, the well was
covered with a piece ofGel Bond (ICN Biochemicals,
Paisley, Scotland) hydrophobic side down, and
sealed with nail varnish. Cellular and probe DNA
were made single stranded by heating the slides at
90°C for 10 minutes, and hybridisation was carried
out overnight at 42°C.
Detection of hybridisation signal: After removing the
Gel Bond cover slip the slides were immersed in 30%
bovine serum albumin for five minutes to block all
non-specific streptavidin binding sites in the tissue.
Streptavidin was then added to each slide and
incubated for 20 minutes. The slides were washed
free of excess streptavidin and incubated with biotin-
ylated alkaline phosphatase to react with the remain-
ing biotin binding sites on the bound streptavidin.
The alkaline phosphatase was detected by reaction
with a substrate containing nitroblue tetrazolium and
5-bromo-4-chloro-3 indolyl phosphate to produce a
purple blue precipitate at the site of hybridisation.
The slides were then counterstained with methyl
green. A positive control of total human DNA and
two negative controls ofPBR 322 without probe and
hybridisation buffer alone were also carried out. The
full technique has been reported in detail elsewhere.6

Immunohistochemistry
Four monoclonal antibodies to the LI gene product
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Table 1 Characteristics of the study population

Dot-blot Dot-blot
HPV 16 +ve HPV 16-ve
(n=10) (n=10)

Mean age (standard deviation) 22-3 (5 2) 26-5 (5-1)
Clinical genital warts 5 5
Cytologic dyskaryosis 8 5
Histologic intra-epithelial

neoplasia 8 8
CINIIorIII 5 6

of HPV 16 were employed designated 1C6, 3D1,
5A4, 8C4 (prepared by Dr P S Shepherd and Dr D J
McCance, United Medical & Dental Schools, Guy's
Hospital, University of London).

Sections were labelled by a streptavidin-biotin-
peroxidase technique (ICN Immunobiologicals,
High Wycombe, Bucks). All steps were performed at
room temperature and followed by two brief washes
in 0-05M Tris buffered 0-15M saline, pH 7-6 (TBS).
Briefly, paraffin sections were dewaxed, and treated
with methanol containing 0-2% (v/v) H202 to block
endogenous peroxidase activity. Sections were
incubated with the appropriate antibody diluted 1:5
in TBS The sections were then incubated sequen-
tially with biotinylated antimouse immunoglobulins
and streptavidin-peroxidase for 10 min and 5 min,
respectively, per the suppliers instructions. Finally
the peroxidase reaction was developed in a 0-025%
(w/v) solution of diaminobenzidine in TBS contain-
ing 0-01% (v/v) H202 and slides were counterstained
with methyl green, dehydrated and mounted in
DPX. For each specimen, a negative control was
included in which the primary monoclonal antibody
was replaced by TBS.

Results
The two groups of women who were HPV type 16
DNA positive and negative, respectively, were
broadly comparable in terms of age, presence of
genital warts, dyskaryosis and intra-epithelial neo-
plasia (table 1). Neither was there any difference in the
spectrum of grading of intra-epithelial neoplasia
between the two groups.

Table 2 Comparison of dot-blotfor HPV-16 DNA, in situ
hybridisation for HPV-16 DNA, and immunohistochemistry
for HPV-16 LI

Dot-blot Dot-blot
HPV 16 +ve HPV 16-ve
(=10) (n= 10)

In situ hybridisation + ve
for HPV-16 DNA 5 0

Immunohistochemistry +ve
for HPV-16L1 1 0

The total quantity of DNA extracted from
exfoliated cervical cells was also similar in the two
groups with a range of3-4-69-3 ug and a mean of29-7
ug in the HPV 16 positive women, compared to 11-6-
73-0 g with a mean of39-0 pg in the HPV 16 negative
women. The results ofin situ hybridisation forHPV-
16 DNA and immunohistochemistry for the HPV 16
major capsid protein are shown in table 2. None of
the women who were negative by dot-blot hybridisa-
tion for HPV-16 DNA showed any reactivity by in
situ hybridisation for DNA or immunohisto-
chemistry for L1. However, of the HPV- 16 dot-blot
positive women five out of 10 were positive by in situ
hybridisation. Four out of these five women showed
relatively sparse, focal distribution of HPV-DNA
and were negative by immunohistochemistry using
monoclonals for the major capsid protein. However,
one of the ten HPV-16 dot-blot positive women
showed a strongly positive in situ hybridisation
signal for HPV-16 DNA (fig 1) accompanied by
specific expression in the upper one third of the
epithelium of the major capsid protein (fig 2).
Whereas antibodies 3D 1, 8C4, and 5A4 gave a strong
reaction, antibody 1C6 only gave a weakly positive
signal in this biopsy. Within the dot-blot HPV 16
positive women four of the five cases positive on in
situ hybridisation had a CIN II/III lesion compared

Fig I HPV-16 DNA positive cervical biopsy by in situ
hybridisation; arrow indicates dense nuclear reactivity in the
superficial layer of the epithelium.
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Fig 2 HPV-16 major capsid protein positive cervical biopsy
by immunohistochemistry; arrow indicates positive
immunoreactivity in a koilocyte in the superficial cervical
epithelium.

with one of the five biopsy specimens negative on in
situ hybridisation. The single biopsy specimen
showing expression of the major capsid protein of
HPV 16 was from an 18 year old female with
concurrent chlamydial infection and a single lifetime
sexual partner, whose biopsy showed CIN II.

Discussion
The development of monoclonal antibodies to the
major capsid protein Li of HPV type 16 led us to
compare the immunohistochemical detection of this
protein with two other HPV type 16 detection
methods that were available to us, dot-blot and tissue
in situ DNA-DNA hybridisation. The open reading
frame LI shows a high degree of conservation
between differing human and animal papilloma-
viruses reaching 50% at the amino acid sequence

level.7 Cason et al have performed careful
experiments using the monoclonal antibodies 1C6,
8C4, 3D 1 and 5A4.8 They showed antibody 8C4 to be
specific forHPV- 16, 1C6 to be specific forHPV- 16 on
infected tissue sections, and antibodies 3D1 and 5A4
to recognise both HPV-2 and HPV-16 infected tissue

sections. We chose women who were known to be
HPV-16 positive or negative by dot-blot hybridisa-
tion to assess the sensitivity of the differing HPV-16
DNA detection modes and to investigate the
presence ofthe L1 protein within cervical epithelium
in HPV-16 infection. Whereas dot-blot hybridisa-
tion can detect one viral genome copy per cell
provided sufficient cellularDNA is analysed, tissue in
situ hybridisation using biotin labelling as in our
experiments requires some cells to contain 200-800
viral genomes."9 Considering that dot-blot hybridis-
ation was performed on exfoliated cells from the
transformation zone whereas in situ hybridisation
could only be applied to areas ofmaximal colposcopic
abnormality there was good agreement between these
methods, with 5 in situ hybridisation positives from
10 dot-blot hybridisation positives. Schneider has
demonstrated the regional distribution pattern of
HPV-16 infection within the transformation zone9
and our results are in keeping with this. There was a
preponderance of high-grade intra-epithelial lesions
within the in situ hybridisation positive biopsy
specimens, perhaps reflecting the sensitivity of the
biotin-labelling technique for the dense genome
expression seen in CIN II and III.10 The sensitivity
of the dot-blot hybridisation procedure was confir-
med by the absence of any positives by in situ
hybridisation in the control group.

Antibodies against papillomavirus capsid antigen
prepared by detergent disruption of BPV-1 have
been available for a number of years and detect a
group-common epitope that has been mapped for
HPV-16 to a 15 amino acid region on the L1
protein.48 It should be remembered that monoclonal
antibodies raised against a recombinant protein as
used in this study will only detect linear epitopes and
not necessarily epitopes on native proteins that are
conformational or involve post-translational
modifications. The monoclonal antibodies we used in
the present study, have been shown to detect one
third of biopsies positive by polyclonal cross-react-
ing antisera.4 It has previously been shown that only
9% of cervical specimens positive for HPV 16, 18 or
31 DNA are antigen positive with polyclonal anti-
sera" while 17% of HPV-16 positive ano-genital
lesions are reactive."2 Thus in our experiments the
one biopsy positive with monoclonal antibodies
against Li from ten dot-blot hybridisation positives
or five in situ hybridisation positives is in keeping
with these published data. The significance of the
demonstration of Li protein production within
HPV-16 cervical infection is not yet clear but it is of
interest that this was shown in one of the youngest
patients in the study with strong clinical evidence ofa
recent primary sexually transmitted infection.
Whether capsid antigen production might reflect one,
or particular events, within HPV-16 infection
deserves further investigation.
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